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1. Introduction

The most common way to extract objects from a picture is

to threshold the picture. Many different techniques have

been used to select good thresholds for this purpose (4].

Threshold selection involves choosing a gray level t such that

all gray levels greater than t are mapped into the "object"

label, while all other gray levels are mapped into the "back-

ground" label. In its simplest form, a single threshold is

chosen for the whole image. This does not usually give good

results because of variations in lighting, or because there are

several objects in the picture with different gray-level

characteristics. For better results, several local thresholds

can be extracted from various parts of the picture, and can

be applied just in those regions.

This paper describes a method of identifying parts of a

picture on which to apply a threshold, and a means of calcu-

lating a local threshold for each of these parts. The method

involves constructing a "pyramid" of images, each of lower

resolution than its predecessor [1-3]. At some level of the

pyramid, it is to be expected that any blob-like object should

become spot-like. Thus, by running a spot-detector over the

low-resolution images, the interesting regions in the picture

can be discovered, and only these regions need be thresholded.

In addition, the characteristics of the local regions (or the



spots) can be used to calculate a good local threshold.

Examples are given of the application of the method to

several images. In all cases the results are quite good,

and highlight the usefulness of the method.
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2. The algorithm

The algorithm has two main tasks. The first is to find

parts of the picture that differ significantly from the back-

ground (likely objects), while the second is to calculate a

local threshold for each of these parts and apply it in the

neighborhood of the parts. Both tasks make use of the pyramid

of low-resolution images.

1. If the whole pyramid has been constructed, stop.

Otherwise, read in the previous pyramid level (the

picture, if this is the first iteration).

2. Build a new level (see below).

3. Apply a spot detector to the new level.

4. Evaluate the spots resulting from step 3 and find

"good" spots (see below). If there are too many good

spots, go to 1.

5. For each good spot,

a. calculate a threshold (see below);

b. apply the threshold to the region in the original

picture corresponding to the spot and write the

results to the output picture.

6. Go to 1.

The original image forms the base of the pyramid. Each

level is constructed on top of its predecessor, and is pro-

cessed before its successor is constructed. This means that
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only one level need be maintained at any time, in addition

to the original picture and the partially-constructed

thresholded picture.

A pyramid level is constructed from its predecessor by

mapping 2 by 2 squares of pixels from the previous level into

single pixels in the new level. Two methods of calculating

the new value from the old were implemented. The first in-

volves simple averaging of the four pixels. In the second

method, each 2 by 2 block of pixels is examined and the four

gray levels are sorted in order of brightness. The middle two

values are then averaged to give the new pixel corresponding

to the 2 by 2 block. This process gives results that maintain

edges reasonably well. In practice, both methods usually

produce the same results. The new level of the pyramid is

one quarter the size of the old (Figure la).

Having built a level of the pyramid, the next step is to

apply a spot detector to it. The spot detector is a simple

mask (Figure 2) that is applied at every point in the image.

It looks for points that differ from their neighbors and scores

them according to how much they differ. Note that the central

value in the mask is smaller than an unbiased mask would

require. This is to insure that the spots are more than

marginally different from their neighbors. It tends to ignore

spots caused by noise. The result of running the spot detector



is a new image with high values where there are spots, arnd

low values elsewhere.

The spot detector is very conservative, so another process

is run to find a subset of "good" spots. Good spots are spots

that are isolated. At low levels of the pyramid (high resolu-

tion), spots that are close together are deleted because they

can be expected to merge into single spots higher up in the

pyramid. At higher levels of the pyramid, this is not such a

good idea because single spots represent large regions in the

original picture. Thus, the definition of "good" is weighted

by the level in the pyramid. A spot is good if the number of

its neighbors that also responded positively to the spot

detector is less than a level-dependent threshold.

Each spot in the low-resolution image corresponds to a region

in the picture. If there are too many spots, then large parts

of the picture will be covered. If there is indeed an object

in the picture, it should coalesce into a smaller number of

spots higher in the pyramid. If there is no object, then all

the spots represent noise. In either case, the picture is too

"busy". A maximum number of good spots is allowed at each

level. If this number is exceeded, no further processing is

performed, and a new pyramid level is constructed.

When a small enough number of good spots is discovered at

a given level in the pyramid, the thresholding can be performed.

Notice that it need only be applied to the regions in the



picture corresponding to the spots in the pyramid. All

other regions are ignored.

Many threshold selection techniques are applicable at

this stage. There are the standard techniques [4) which may

be applied to the picture itself in the region corresponding

to a spot. In addition, it is possible to make use of the

information in the low-resolution image to calculate a

threshold. Both approaches were followed for the examples to

be discussed here. Using the low resolution image has the

advantage that simple operations on the low resolution image[ correspond to complex operations involving much larger numbers

of points in the picture.

The simplest threshold that can be extracted from the low

resolution image is simply the gray level of the spot. This

threshold is equivalent to the average gray level of the region

in the picture corresponding to the spot. Usually, this

threshold does not extract the whole object because the high

gray levels bias the threshold, and there are very few non-

object points in the region to provide an opposite bias (Figure

1c).

An alternative threshold is obtained by ignoring the spot

itself, and averaging the surrounding points in the low-resolution

picture. This suffers from the opposite problem from the

previous method. Now, too many non-object points reduce the



threshold, and so parts of the background are classified

as belonging to the object (Figure ld).

A compromise between these two methods gives very good

results. The outputs from the above two threshold selection

processes are averaged, and the result is used as the

threshold (Figure lb).

The threshold is applied to a region slightly larger

than that corresponding to the spot. This is to insure that

parts of the object that were averaged into different points

in the low-resolution image still may be classified, provided

that they are not too far away from the spot center. If, indeed,

the object extends a significant distance from the spot center,

the spot detector should have found several spots in the

neighborhood, each of which would be processed separately (or

they would all be merged into a larger spot at the next level).

Another method of calculating a local threshold was also

implemented. The method involves computing a histogram of

the gray levels in the regions of the original picture that

correspond to spots. For each spot a histogram is constructed

for a region slightly larger than the projection of the spot

onto the picture. The histogram is then examined, and a

threshold is selected. The process of selection is complicated

by the shape of the histogram, which tends either to be uni-

modal, or to have no significant peaks (Figure 3). The method



that was used to find a threshold involves making an initial

estimate, and refining the estimate on the basis of the shape

of a part of the histogram.

The initial guess that was used was one of the naive

thresholds mentioned above. The gray level corresponding to

the spot in the pyramid provides an estimate of the gray level

in the center of the object. Usually, the estimate needs to be

modified to take account of parts of the object close to the

background. To accomplish this, the histogram is examined,

starting at the initial estimate, and moving in the direction

of the background gray levels. The highest peak in the histo-

gram in this direction is discovered, and the final threshold

is chosen at the deepest valley between this peak and the ini-

tial estimate. This usually results in a good threshold, in

most cases in one very similar to the averaging of the center

and surround points in the pyramid discussed above.

The output picture is initially blank. The only regions

of the picture that are changed are those that correspond to

positive responses to the spot detector at some level in the

pyramid. As a result, very little background noise appears in

the output.



3. Examples

The method was applied to 24 FLIR images and to a picture

of part of a handwritten signature. The results are shown in

Figures 4-7. The examples are divided into three categories.

The first set of pictures (Figure 4) was processed using

a simple averaging scheme for building the pyramids. The

threshold was selected from the low resolution image by

taking the average of the center (spot) gray level, and the

average surrounding gray level.

Sometimes, when the contrast between the object and the

background is small, the averaging process may cause the object

to merge into the background. For FLIR imagery, it was found

that it is often better to use the median instead of the

average in building the pyramids. Figure 5 shows a set of

examples where this was done. The threshold selection used

the same method as for Figure 4.

The alternative method of selecting a threshold by examin-

ing the histogram is illustrated in Figures 6 and 7. Figure 6

shows four FLIR images and the results of thresholding them.

The pyramids for these images were constructed by averaging,

and the thresholds were selected by examining a histogram

of a region in the image slightly larger than that corresponding

to the spot.

Figure 7 illustrates the difference between selecting the

threshold using only the low-resolution image, and making use
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of the histogram as well. For the signature in Figure 7,

the histogram method results in a much cleaner thresholded

image.
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4. Discussion

The blob-detection system described here is the first

stage in a more ambitious feature-detection scheme. As it

stands, the system provides a good threshold selection tech-

nique, with several advantages. One of the most important

advantages is the ability of the system to isolate signifi-

cant regions in a picture. This results both in better local

threshold selection and in cleaner thresholded images. The

thresholds are tailored specifically to the region to which

they are applied, and uninteresting regions are ignored.

A problem that arose from the way the algorithm was imple-

mented concerns the treatment of points on the borders of the

picture. These points were ignored in the implementation,

and, as a result, the algorithm discovered significant objects

only if they were not on the border of the picture. This effect

could be aggravated by the pyramid-building process because a

point on the border of an image high in the pyramid corresponds

to a fairly large region in the picture. There are several

ways of overcoming this problem. For example, one-sided spot

detectors could be used at the edges of the pictures, or the

pictures could be extended either by reflection about the edge,

or by folding the edges over so that the left and right and

the top and bottom edges are contiguous.

A question that arises naturally concerns the amount of

averaging between levels in the pyramid. Perhaps the exponential



tapering used in these experiments is too harsh, and spot

detectors of various intermediate sizes should be used in

addition to those used here. This would more accurately

capture the fine detail of the shapes and allow greater con-

trol over threshold selection. It is expected that further

research will be conducted on this aspect of the algorithm.

An extension of the method that is currently under investi-

gation is the detection of elongated objects. In conventional

thresholding schemes, the shape of an object can only be dis-

covered after the object has been extracted. It is not pos-

sible to search for objects with specific shape properties.

Using the current method, however, it is possible to extract

only those features that are of the desired shape. For example,

to extract elongated objects, a line or streak detector can be

applied instead of a spot detector. Preliminary results sug-

gest that a straightforward extension of the blob-detection

( system can be produced which will detect only the elongated

objects in a picture. This will help to alleviate a problem

that sometimes arises when objects are not sufficiently blob-

like. In such cases, some parts of the object may not be

covered by the projection of a spot, and only part of the object

may be thresholded.

Eventually, the system is envisaged as having multiple

cooperating parts. Several feature detectors will be run at
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each level of the pyramid, for example, both line detectors

and spot detectors. These would then interact within the

levels and across levels. The whole system should be able

to detect many different features simultaneously, and clas-

sify them on the basis of both local and global information.
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5. Conclusions

A new method of detecting blobs in a picture by spot

detection and local thresholding has been presented. The

examples showed how simple threshold-detection calculations

on low-resolution images can lead to good segmentation of

the picture.

The method readily lends itself to extensions to more

complex feature detection tasks, including detection of objects

with specific properties, e.g. elongated objects.

It is expected that the method will eventually be included

in a comprehensive, multilevel feature-extraction system that

makes use of multiple-resolution images and responses from

several different feature detectors.
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Figure 1

a) A FLIR image of a tank, and the pyramid constructed
from it. b) Thresholded image using the average of
center and surrrounding spots. c) Thresholded image
using surrounding spots only. d) Thresholded image
using center spot only.
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Figure 2

The mask used for the spot detector.
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* Figure 3

An example of a histogram used for threshold selection.
Point a is the initial point chosen for thresholding (see
text). Point b is the highest peak in the direction of the
background. Point c is the point chosen as the final
threshold. Point d is the threshold chosen by the method of
averaging the center and background points in the low-resolu-
tion image. The histogram is for a spot in the bottom left
picture of Figure 6. The small size of the spot results in
a very low peak in the histogram (at a).
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Figure 4

Eight FLIR images and their thresholded outputs.
The pyramid was built by averaging in these examples
and the threshold was selected as the average of the
center and surrounding points in the low-resolution
image.
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Figure 5

Eleven FLIR images and their thresholded outputs.
The pyramid was built using the median and the threshold
was selected as the average of the center and surrounding
points in the low-resolution image.
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Figure 6

Four FLIR images and their thresholded outputs. The
pyramids in these examples were constructed by averaging,
and the threshold was selected by examining the histograms
of local regions corresponding to spots.

a b

c

Figure 7

a) A picture of part of a handwritten signature.
b) The thresholded output using the average of the

center and surrounding low-resolution points.
c) The result of calculating a threshold by examining

the histogram.




